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The preparation of a relatively large electrophoretically homogeneous phosphopeptone by the action of trypsin on g-

casein is described.

From the amino acid composition data the empirical residue fo;mula is calculated to be HOOC-Arg;,

Aspy, Glus, (NHa)s, Glyi, Valy, Leus, Ileus, Serq, Thri, (PO4)s, Proy, Arg-NH,. The minimum molecular weight of this phos-
phopeptone is calculated to be 3111 which is of the same order as the determined molecular weight of 4100. The results
indicate that arginine is both N-terminal and C-terminal in the phosphopeptone.

~ Numerous phosphopeptones have been prepared
by the action of trypsin or trypsin plus pepsin on
unfractionated casein.?—® Since casein is a mixture
of proteins,” the action of proteolytic enzymes on its
purified components should lead to less complicated
mixtures of phosphopeptones; consequently, the
phosphopeptones produced from B-casein by the
action of trypsin have been investigated. In the
study of the structure of proteins the desirability of
producing large peptide fragments has been indi-
cated by Sanger. Christensen® observed that a
large increase in viscosity of B-casein solutions was
produced after short periods of tryptic hydrolysis
and that the viscosity decreased rapidly after
longer periods of digestion. Preliminary experi-
ments showed that a number of large peptides
could be separated easily after trypsin acts on g-
casein for short periods. This communication
describes the separation and composition of a
large phosphopeptone produced by the action of
trypsin on S-casein for about 20 minutes.

Materials and Methods

B-Casein was produced by the method of Hipp, et al.10
Crystalline trypsin containing 50% magnesium sulfate ob-
tained from the Worthington Chemical Co.!! was used.
The extent of hydrolysis was measured by means of Van
Slyke amino nitrogen determinations using a separate reac-
tion chamber.? Nitrogen was determined by the micro-
Kjeldahl method. Phosphorus was determined by the
A. O. A. C. method,? after a preliminary decomposition in
the Carius bomb. Amide ammonia was measured by the
procedure of Mellon, ef al.} :
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Preparation of Phosphopeptone.—A 3% solution of B-
casein at pH 7.0-7.5 was prepared by dissolving B-casein in
dilute sodium hydroxide. Trypsin, dissolved in water,
was added to the S-casein solution to give a 0.01%, solution.
The solution became turbid in five minutes and coagulated
in about 20 minutes. Amino nitrogen determinations by
the Van Slyke method increased from an initial value of
0.75% to a value of 1.14% at the time of coagulation as
shown in Fig. 1. Since g-casein has a minimum molecular
weight of 24,100' the increase in amino nitrogen of 0.39%
due to tryptic hydrolysis indicates that seven peptide bonds
were broken at the time of coagulation. The trypsin was
then destroyed by heating the beaker in boiling water for 8
minutes. After heating, the insoluble material (fraction I),
which is essentially free from phosphorus, was removed by
centrifugation. The supernatant was adjusted to pH 4.7
with 0.1 N hydrochloric acid and the insoluble material re-
moved by centrifugation (fraction II). The supernatant
was then made to 0.25%, barium chloride by addition of a
109, barium chloride solution. Then an equal volume of
absolute ethanol was added which precipitated the barium
phosphopeptone (fraction III). The precipitate was re-
moved by centrifugation and then dried with acetone and
ether. The supernatant was concentrated on the Craig
evaporator to one-fourth its volume and then dialyzed at 5°
against several changes of water. A small precipitate (frac-
tion 1V) was removed by centrifuging. The solution was
then evaporated further on the Craig evaporator to a glassy
material (fraction V).

The method of separation and distribution of nitrogen and
phosphorus of the fractions of S-casein are as indicated

39, soln. of p-casein pH 7.2
0.01% Worthington trypsin
20 min. at 25° .

- 1

(1) Preci ipitate Supernatant
25%, of total N adjust to pH 4.7
0% of total P . v |
- Supernatant (II) Precipitate
Add BaCl: to 0.25% concn.  22%, of total N

Add equal vol. of ethanol

! | !

189, of total P

Supernatant (III) Precipitate
concn. to one-fourth vol. 159, of total N
74Y% of total P

dialyze at 5°

I

! !

(IV) Precipitate (V) Supernatant
5%, of total N evaporate to dryness
5%, of total P 319, of total N

5%, of total P
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Fig. 1.—Increase in amino nitrogen with time, as deter-
mined by the Van Slyke method, produced by the action of
0.01% trypsin acting on a 3%, B-casein solution at pH 7,
25°.

The electrophoretic composition of each of th_e five frac-
tions thus obtained was determined by the Tiselius method
in glycine-sodium hydroxide buffer of #H 9.0 and 0.1 ionic
strength. The results’are shown in Fig. 2 and the mobili-
ties are given in Table I.

TABLE 1

MoBILITIES OF HYDROLYTIC PRODUCTS OBTAINED FROM 8-
CasEIN AT pH 9.0 IN GLYCINE BUFFER 0.1 IONIC STRENGTH
Major cox.zliponents Minor components

“ »

Fraction
1 -2.7 —6.6
II -2.4 -3.0
-5.1
-9.4
111 - —8.8 -9.3
Iv -2.6 -1.8
—4.0
-9.8
\% —4.3 -2.8
B-casein -3.5

¢ u = cm.? volt~ sec.~! X 10~5—calculated from the de-
scending patterns. i

Fraction III, containing about 2.4, phosphorus, had a
component with a mobility of —9.3 and a small amount of a
second component moving slightly faster. The electro-
phoretic patterns in Fig. 2 also show that fractions II and IV
contain small amounts of components with similar mobilities
to fraction III. By reworking fraction II a further small
yield of fraction IIT was obtained.

It was of interest to compare the phosphopeptone fractio
(fraction III) obtained from a-casein with that of B-casein
using the same short digestion time and method of prepara-
tion. It was found that the a-casein phosphopeptone frac-
tion contained at least three electrophoretic components
whereas the B-casein phosphopeptone contained only one
major component. Unfractionated caseins gave a phospho-
peptone fraction with four electrophoretic components, in-
dicating that the phosphopeptones of - and B-casein are
different.

Purification of the Phosphopeptone (Fraction III).—The
crude barium phosphopeptone, 6.7 g., containing about
2.4% phosphorus, was dissolved in water. A small amount
of material was insoluble and was removed. Further purifi-
cation was attained by adjusting the pH of the solution to
3.6 with hydrochloric acid and adding an equal volume of
acetone to the resulting solution. The dried phosphopep-
tone amounted to 3.6 g. Electrophoretic analysis of this
material dissolved in glycine buffer at pH 9.0 showed essen-
tially one component with a diffuse falling boundary; it had
the composition

Ash, 9, © 14.3
Phosphorus, 9, 4.5 (ash-free basis)
Nitrogen, %, 14.2 (ash-free basis)

N/P ratio (atomic) 7.0
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Fig. 2.—Ascending electrophoretic patterns of fractions
obtained by the action of trypsin on g-casein: (I) insoluble
at pH 7.0; (II) insoluble at pH 4.7; (III) barium phospho-
peptone insoluble in 509, alcohol; (IV) insoluble on dialysis
at pH 4.7; (V) soluble material after dialysis. The patterns
were made by the Tiselius method using a glycine—sodium
hydroxide buffer at pH 9.0 and 0.1 ionic strength with a
field strength of 5 volts per cm., after 10,600 seconds.

The barium phosphopeptone was further purified by either
(1) column chromatography on ion-exchange resin, or (2) by
chemical fractionation at pH 2.0.

(1) Column Chromatography.—Barium was removed
from the phosphopeptone by passing an aqueous solution
through a Dowex 50 X 8 resin in the acid state. Electro-
phoretic analysis by means of the Perkin~Elmer apparatus
using the 2-ml. micro cell revealed one main component
with a small amount of faster component. The phospho-
peptone was found to be firmly held on a Dowex 50 X 2
column but it could be eluted by a 0.1 jonic strength ammo-
nium formate buffer at pH 3.4. In order to secure good
resolution 100-cm. columns of the resin were eluted with g
buffer with an increasing pH obtained by continuous mixing



of the pH 2.9 buffer with pH 4.5 buffer.¥¥ By this means
the phosphopeptone was separated into one main and two
minor components. The ammonium formate buffer was
removed by sublimation!’ and the ammonium phosphopep-
tone was freed of ammonia by passing through a Dowex 50
X 8 column containing the acid form of the resin. The
solution was evaporated at 25° to dryness. A yield of 0.53
g. of electrophoretically homogeneous material (Fig. 3b) was
obtained from 1.0 g. of the purified barium phosphopeptone.
‘The phosphopeptone was found to have the following com-
position

Ash, % 1.40
Phosphorus, % 4.5 (ash-free basis)
Nitrogen, % 13.9 (ash-free basis)

N/P ratio (atomic) 6.9

(2) Chemical Fractionation at pH 2.0.—The previously
described barium phosphopeptone precipitated at pH 3.5
was dissolved in water to make a 2.5%, solution and made
to pH 2.0 with hydrochloric acid. The precipitate obtained
was removed by centrifugation and the remaining phospho-
peptone was precipitated from the supernatant at pH 3.5 by
the addition of an equal volume of acetone. The phospho-
peptone prepared from the supernatant was electrophoreti-
cally homogeneous (Fig. 3a) at pH 7.0 and contained

Ash, % 15.6
Phosphorus, % 4.0 (ash-free basis)
Nitrogen, % 14.3 (ash-free basis)

N/P ratio (atomic) 7.95

The amino acid composition of the purified phosphopep-
tones prepared by these two methods was determined by the
procedure of Stein and Moore.!® The sample, 10.00 mg.,
was hydrolyzed in a sealed evacuated glass-tube with 100
times its weight of 5.7 N redistilled hydrochloric acid at 120°
for 20 to 40 hours. An aliquot of 3.20 mg. was applied to
the 100-cm. columns. The amino acid composition of the
phosphopeptones is shown in Table II. ' The orginal data
used in Table II, expressed as micromoles of amino acid in

TasLE II

AMINO Acip COMPOSITION OF PURIFIED PHOSPHOPEPTONES
Amino acid residue (g./100 g. of dry phosphopeptone:
ash free)

From

chemical 6-

fracn. Case-

Free acid from Ba salt in

column chromatography purif. for

H; drl;luv. 1ydml Hydrl;lnp.nzydrol gy%lr!olz eoq:

A 20br. 20 hr. 41 hr. 40hr. 40hr.  som®
Asp 3.36 3.74 3.65 3.23 3.95 4.23
Glu 26.00 27.36 23.68 27.55 20.35
Gly 1.85 1.3 1.62 1.8 1.18
Ala 0.48 ... 0.48 0.64 0.50 1.58
Val 562 6.06 6.59 5.66 6.69 8.63
Leu 10.65 11.38 11.24 9.39 10.83 10.01
Ileu 6.35 6.91 7.21 6.20 7.16 4.74
Ser? 11.30 11.45 11.30 11.11 14.66 5.63
Thr® 3.04 3.27 3.04 3.03 3.58 4.33
Pro 2.3¢4 3.21 4.16 4.44 2.53 12.74
Arg 7.18 8.09 8.15 7.82 - 3.05
Amide-NH; 1.64 ... 1.64 1.30 1.60
POH* 11.62 11.62 11.62 10.22 1.57

Total 91.43 98.40 98.68 ..

@ Only those amino acids are given which are in phosphos-
peptone.!’® 2 Extrapolated to zero time of hydrolysis. The
extrapolation was based on the 1st and 3rd column figures
for prep. 1. At 20 hours, 16.89%, serine and 8.6, threonine
were destroyed; at 41 hours, 38.0 and 18.8%,, respectively.
¢ P content calculated as the monoester.
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Fig. 3.—Electrophoretic patterns of the purified phospho-
peptone in 0.2 ionic strength 0.02 phosphate, 0.18 NaCl
buffer pH 7.0 after 3,840 seconds at 10 volts per centimeter.

the sample, were converted to molar ratios by taking aspartic
acid as 1.00. These ratios are recorded in Table III. All
of the amino acids, with the exception of arginine and alanine,
are close to whole numbers. The large amount of glutamic
acid interfered with the determination of proline since the

TaBLE II1
AMINO Acip COMPOSITION OF PHOSPHOPEPTONES EXPRESSED
As MoLAR RaTIOS
Molar ratios of

(N . "

ino acids in ptone
(asp. = 1.00)
From

Free acid from tionation
column chromatography Ba salt I{.'nu'if. p-Casein
2 at pH 2 for

Amino Av, for Hydrol. Hydrol. compari-

acid prep. 1 - 40 hr. 40 hr. son®
Asp 1.00 1.00 1.00 9
Glu 6.79 6.50 6.21 40
Gly 1.09 1.01 0.96 5
Ala 0.25 0.32 0.26 3
Val 1.96 2.02 1.97 22
Leu 3.13 2.95 2.74 22
Ileu 1.92 1.94 1.85 11
Ser® 4.18 4.55 4.55 16
Thr* 0.99 1.06 1.04 11
Pro 1.01° 1.62 0.75 35
Arg 1.60 1.65 5
Amide-NH, 3.0 3.0 29
POH 4.67 3.76 5

@ Residues per 25,000 mol. wt. Only amino acids given
which are in phosphopeptone, to nearest whole number.!*
® Extrapolated to zero time of hydrolysis. ¢ This figure ob-
tained by Chinard’s reagent and is considered to be more
accurate.



peaks were not resolved. Consequently, Chinard’s re-
agent, which is specific for proline, was used in analyzing
that region of the chromatograph for the second 20-hour
hydrolysate.2

The presence of the alanine as a persistent constituent in
all the preparations could indicate that the molecular weight
of the phosphopeptone was 4 or 5 times that calculated from
aspartic acid = 1.00. However, ultracentrifuge data indi-
cate that the lowest molecular weight is the correct value;
therefore, alanine is probably an impurity.

Molecular Weight of Phosphopeptone.—The molecular
weight of the phosphopeptone, freed from barium, was de-
termined in the Spinco model E ultracentrifuge, using the
artificial boundary cell.22 In 0.2 ionic strength buffer, 0.02
phosphate, 0.18 NaCl, pH 7.0 at 25° the substance moved as
a single peak with a sedimentation constant S of 0.69 X
10-23, A calculation of the diffusion constant from this run
gave a value of 13.5 X 10~7. The amino acid analysis was
used to calculate?? a value of 0.697 for the partial specific
volume. Using these values, a molecular weight of 4,100
was calculated for a 19, solution. A consistent value of
4,400 was calculated for its minimum molecular weight from
the amino nitrogen content of 0.329, as determined. A
minimum molecular weight of 3,111 can be inferred from
thel?mino acid determinations for aspartic acid, glycine or
proline. .

The electrophoretic mobilities of the two phosphopeptone
preparations of slightly different phosphorus contents were
determined in the Perkin-Elmer apparatus. The values
obtained at pH 4.5 and 7.0 are shown in Table IV. The
mobilities of preparation 2 were somewhat lower both at
pH 4.5 and 7.0 than those of preparation 1, which is con-
sistent with its lower phosphorus content. The value of
—0.2 for the mobility at pH 2.0 indicates that the phospho-
peptone is close to the pH value of zero net charge.

TaBLE IV

MOBILITIES OF PURIFIED PHOSPHOPEPTONES

The free acid at pH 2.0 had a mobility of —0.21 in oxalate—

NaClbuffer. The pH 4.5 buffer was acetate 0.02, NaCl10.18;
pH 7.0 buffer was phosphate 0.02, NaCl 0.18.

‘ Mobility X_ 108

PH 4.5 H 7.

Preparation P, %° pH 7.0
(1) Barium salt ppt., pH 3.5 4.5 . —6.4 —11.3
Free acid (from chroma- ' ) : »
tography of 1) 4.5 -6.7 -—11.05
(2) Barium salt ppt.,, pH2 4.0 -=5.1 -10.02

@ P calculated on ash-free basis. ® All mobilities calcu-
lated from ascending boundaries in 0.2 ionic strength buffers.
% isin cm.2 volt—? X 1075, R .

The N-Terminal Amino Acid of the Phosphopeptone.—
The phosphopeptone was treated with fluorodinitrobenzene
(FDNB) in alcohol-sodium bicarbonate solution by the pro-
cedure described by Fraenkel-Conrat.?® After removing
the excess FDNB with ether, the DNP-phosphopeptone was
hydrolyzed for 16 hours at 105° with a 100-fold excess of 5.7
N hydrochloric acid. The solution was diluted to 1 N HC1
concentration and again extracted with ether. No color or
derivative went into the ether. A paper chromatogram of
the aqueous solution, developed with 4-1-5 butanol-acetic
acid-water showed only one spot and it ran at the same rate
as DNP-arginine; consequently, arginine is the only N-
terminal amino acid present.

Further information on the linkage broken in S-casein to
produce the phosphopeptide was obtained by the action of
trypsin on B-casein previously treated with FDNB. As
shown by Anfinsen? only arginine linkages can be broken
by this means in a DNP protein derivative. A yellow
barium phosphopeptone, insoluble in 509, ethanol, was ob-
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Natl. Acad. Sci., 88, 943 (1952).
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(23) H. Fraenkel-Conrat, J. I. Harris and A. L. Levy, “Methods of
Biochemical - Analysis,”” Vol. 2, Interscience Publishers, New York,
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ginine groups are terminal.

tained by the separation procedure. This contained 2.2%,
phosphorus which compares with 2.49, for fraction III with-
out purification and was close in mobility at pH 8.6 by paper
electrophoresis to the phosphopeptones prepared without
DNP. This evidence places the second arginine shown by
the amino acid analysis at the carboxyl end of the phospho-
peptone. Therefore, both chain ends are arginine. The N-
terminal arginine could be one of the end groups detected by
Mellon, et al.,® in B-casein.

Discussion

The phosphopeptone produced by the action of
crystalline trypsin on S-casein for 20 minutes con-
tains 24 amino acid residues of 10 different amino
acids, as shown in Table III. This phosphopep-
tone differs markedly from those previously
described,®—® which were produced by the action of
crude trypsin or pancreatic extracts acting on ca-
sein from 2 to 40 days and which contained only
from 2 to 10 amino acid residues of 2 to 4 different
amino acids. This new phosphopeptone is similar
to the previously described phosphopeptones in
that it contains large amounts of glutamic acid,
serine, leucine and isoleucine. The use of crystal-
line trypsin, which is considered to break only the
peptide bonds involving the carboxyl groups con-
tributed by lysine or arginine, results in a much
larger and probably a more homogeneous phos-
phopeptone than could be obtained by the use of
crude pancreatic extracts. : :

The minimum molecular weight of 3,111 as ob
tained from the sum of the amino acid residues in
Table III is about one-eighth of the molecular
weight of B-casein which has been found to be
24,100, and the phosphopeptone may contain the
same number of phosphorus atoms as §-casein. A
comparison of the amino acid composition of the
phosphopeptone with that of g-casein (Table II)
shows that the phosphopeptone contains: (1) a
greater amount of serine, glutamic acid, arginine
and isoleucine; (2) about the same quantity of gly-
cine, threonine, leucine and aspartic acid; (3) less
alanine, valine and proline; and (4) no methio-
nine, phenylalanine, lysine, histidine, tyrosine and
tryptophan. The absence of tyrosine and trypto-
phan in the phosphopeptone were further con-
firmed by the measurement of its ultraviolet ab-
sorption spectrum.

The phosphopeptone prepared from B-casein dif-
fers from previous phosphopeptones in containing
arginine. The evidence indicates that the two ar-
That arginine in the
phosphopeptone is N-terminal is based on the iso-
lation of DNP-arginine from hydrolyzed DNP-
phosphopeptone. The isolation of apparently the
same DNP-phosphopeptone by the action of tryp-
sin on DNP-8-casein also indicates that arginine is
at the carboxyl end of the phosphopeptide since
trypsin hydrolyzes only peptide linkages in DNP
pg'otezi:ls where the carboxyl is derived from argi-
nine. :

The amino acid content of three phosphopep-
tone preparations as recorded in Table II are in
agreement with each other within the experimental
variations. The preparations purified finally by
column chromatography contained 4.5% phos-

(25) E. F. Mellon, A. H. Korn and S. R. Hoover, Trrs Joumrnav, 78,
1676 (1953). ' :



phorus and 13.9%, nitrogen, while the preparation
which was purified entirely by chemical fractiona-
tion contained 4.0% phosphorus and 14.3% nitro-
zen. These differences in composition appear to
be real since the mobilities given in Table IV are
greater for the preparation containing the larger
amount of phosphorus. Since the preparations
were equally homogeneous by electrophoresis it is
concluded that they vary slightly in composition.
It may be that these peptides vary only in their
phosphorus content. A phosphopeptone of the
amino acid composition Asp;Glu;Gly:Val;Leus-
IleuQSer4Thr1Pro1Argz(NHg)s(POaH)s (a.s calculated
from the results in Table III on the preparations
prepared by chromatography using the closest
whole number and omitting alanine) would have a
phosphorus content of 5.09 and a nitrogen con-
tent of 14.9%. This is considered to be in reason-
able agreement with the values found of 4.5%
phosphorus and 13.9%, nitrogen, particularly in
view of the possible uncertainties in correcting for
the ash content.

While there is no direct evidence for the position
of phosphorus or its type of linkage in the phospho-
peptone, the composition of the phosphopeptide as
given in Table III does not appear to support the
conclusion of Perlmann?® that the phosphorus of
B-casein is in the form of a diester. The diester
form of phosphorus as postulated by Perlmann in-
volves two hydroxy amino acids for each phos-
phorus as

(26) G. E. Perlmann, Advances in Protein Chem., X, 27 (1955).
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The data in Table I1I show that there are four
moles of serine and one mole of threonine and five
moles of phosphoric acid in the phosphopeptone;
consequently, there are not enough hydroxy-amino
acids present in the phosphopeptone for the forma-
tion of diester bonds with phosphoric acid. It is
possible that trypsin breaks diester bonds in the
formation of the phosphopeptone; however, the
evidence indicates that trypsin does not break phos-
phoric acid diesters. Sinsheimer and Koerner,”
who purified snake venom diesterase, found that it
hydrolyzed bis-(p-nitrophenyl)-phosphoric  acid.
The trypsin used in this work was tested for possi-
ble action on secondary phosphate bonds by incu-
bating the calcium salt of bis-(p-nitrophenyl)-phos-
phoric acid with a 0.1%, solution of Worthington
trypsin for 3 hours at 37°. No hydrolysis of the
diester occurred. Under similar conditions, the
diesterase from calf intestinal mucosa?® hydrolyzed
this diester.
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